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Abstract

Introduction

Scanning electron microscopy was used to examine
external and internal seed coat structures of 0xytropis
riparia Litv ., 0xytropis campestris L., Medicago sativa
L., and Astragalus cicer L. for characteristics useful in
taxonomic classification and to identify hard seed coat
components which affect permeability. Seed coat surfaces of the four species were distinctly different.
Palisade and hourglass cell lengths and parenchyma and
endosperm cell layer thicknesses were similar among
species with the exception of 0. campestris seeds which
lacked an identifiable endosperm layer. Surface pattern
differences and the presence of a distinct endosperm
layer are useful in separating these genera and species.
Cellular and morphological differences were not observed between hard and non-hard seed coat structures.
The rugulate surface pattern of 0 . riparia, the lophate
surface pattern of 0 . campestris, and the internal seed
coat structures of both species have not been reported
previously.

Ruby Valley pointvetch (0xytropis riparia Litv.), a
member of the Galegeae tribe of the Leguminosae subfamily Papilionoideae, is native to Russian Turkestan
(Bameby, 1952) and was found growing in the Ruby
Valley of southwestern Montana in 1930 (Green and
Morris, 1935). Native stands of this species have recently been identified at sites in Idaho and Wyoming
(Lichvar and Dom, 1982; Williams and Molyneux,
1988). 0. riparia is a deep taprooted, prostrate,
perennial legume (Booth and Wright, 1966) with good
salt tolerance (Delaney et al., 1986).
The prostrate growth habit and salt tolerance of 0.
riparia make it highly suitable for land reclamation and
saline seep control. However, plants with rapid stand
establishment and stand renewal either by vegetative or
sexual propagation are usually required for land reclamation situations. The high hardseed content of 0. riparia
(Delaney et al., 1986; Hicks et al., 1987; Post, 1937),
which directly affects water imbibition, often results in
slow stand establishment due to seed germination over
an extended time period . Identification and taxonomic
characterization of 0. riparia seed coat structures is
needed to facilitate the development and selection of
genotypes with improved stand establishment.
Histological research on 0xytropis seed coat structures is limited. Lersten (1981) described the seed coat
surface pattern of 0xytropis hirta Bunge as multi-reticulate. Internal seed coat components have not been reported for 0xytropis species.
Scanning electron microscopy (SEM) and light microscopy have been used in seed coat anatomy studies of
many Papilionoideae genera, including Astragalus, Glycine, Melilotus, Lupinus, Trifolium, Medicago, Lotus,
Sophora, Sesbania, Strophostyles, Vicia, Lathyrus, Lens,
Pisum, and Coronilla (Baker et al., 1986, 1987; Barton,
1965; Bragg, 1983; Bridges and Bragg, 1983; Lersten
and Gunn, 1982; McKee et al., 1977; Miklas et al. ,
1987; Watson , 1948; Yaklich et al., 1986). The general
structures of papilionaceous seed coats were found to be
similar with the exception of the cell layers interior to
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the hourglass (osteosclereid) cells. These cell layers
have been described as endosperm remnants (Lersten
and Gunn, 1982), parenchyma and endothelium (Baker
et al., 1986, 1987), mesophyll (Comer, 1951), hypodermis (Bragg, 1982), and nutrient layers or tissue
(Barton, 1965; Miklas et al., 1987). Some terms are
more specific than others, but a generally accepted
description has not been utilized in the literature.
Seed coat structural differences which affect water
permeability have been found for hardseed and nonhardseed of some legume species. Miklas et al. (1987)
did not find any anatomical seed coat differences between hardseed and non-hardseed of Astragalus cicer L.
using SEM. However, Coe and Martin (1920) reported
that sweetclover (Melilotus spp.) hardseed and nonhardseed differed structurally.
It is important to evaluate several different seed lots
from diverse environments when characterizing seed
coat structures and surface patterns (Brisson and
Peterson, 1976). Additionally, comparisons of anatomical structures among closely related genera and species
are beneficial for identification and for establishing
taxonomic associations .
The objectives of this study were: 1) to identify and
characterize internal and external seed coat structures of
0. riparia as a basis for further hard seed coat development studies, and 2) to compare 0 . riparia seed coat
structures with three Papilionoideae member s, 0 .
campestris L. (Galegeae tribe), Astragalus cicer
(Galegeae tribe), and Medicago sativa L. (Trifolieae
tribe). Since research on 0xytropis seed coat structures
is limited, this study will provide a basis for characterization of both external and internal seed coat components and information of taxonomic significance for
other comparable genera and species.

• •
Figure l. Comparison of size and shape of 0xytropis
riparia, 0. campestris, Madicago sativa, and Astragalus
cicer seeds (left to right). Bar = 2 mm.
coat without affecting surface pattern integrity. All seed
surfaces were examined near midseed using SEM .
Seeds with complete, undamaged seed coats were
soaked in distilled water at 20°C for 24 hours. Nonhardseed were differentiated from hardseed since nonhardseed imbibed during the soak period. The hardseed
were punctured with a hypodermic needle and soaked in
20°C distilled water for 24 hours. Both the imbibed
hardseed and non-hardseed were sectioned with an AO
model 975C HISTOST AT cryos tat microtome 1•
Unimbibed seeds were utilized for external and
internal seed coat examinations to avoid cell distortion
during imbibition. Unimbibed seeds were sectioned with
a double edged razor blade , since sectioning with the
cryostat microtome compressed the seed coat cell layers
and/or shattered the seeds. All seeds were mounted on
copper specimen holders with double stick tape and gold
sputter coated for 4 m in a Pelco sputter coater 1. A
minimum of 10 seeds per treatment of each seed lot or
species was viewed with a JEOL JEM- lO0CX electron
microscope with an ASID-4D scanning attachment 1 at an
accelerating voltage of 20 kV.

Materials and Methods
Four 0. riparia seed lots comprised of 1986 T-5637
seeds from the Bridger Plant Materials Center, Bridger,
MT, 1987 and 1989 seeds collected in the Ruby Valley
of southwestern Montana, and 1936 seeds collected in
Oklahoma were evaluated. M . sativa and A. cicer seeds
were from the Montana State University, Plant and Soil
Science Department collection, and the 0. campestris
seeds were obtained from The Vavilov Institute of Plant
Industry, Leningrad, USSR. Seeds used were observed
whole or after transverse sectioni ng through the hilum.
Seeds for seed coat surface pattern determinations were
washed in l 0 % ethanol for 1 minute, rinsed in distilled
water for 30 seconds, and dried at 20°C for 2 hours
prior to mounting for SEM observations. The wash procedure removed external dirt and debris from the seed

Results
All 0. riparia seed lots and 0. campestris seeds
were similar in length (2 mm), while M. sativa and A.
cicer were larger (3 and 4 mm, respectively) (Fig. 1,
Table 1). Seed color varied among species (Table 1).
0 . riparia seeds were tan-green to rust-brown, and the

1 Mention

of a specific brand, trade, or chemical name
does not imply endorsement of that product over others
of a similar nature or function.
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Table 1. External, unimbibed seed characteristics of four 0xytropis riparia seed lots, 0 . campestris, Medicago sativa,
and Astragalus cicer averaged over ten seeds per seed lot or species.
Seed

Seed Size
(mm)

Shape

Color

tan-green to rustbrown

semi quadrangular,
rel ati vel y flat

Surface
Pattern

1936 0xytropis riparia

2

1986 0. riparia

"

"

"

"

1987 0. riparia

"

"

"

"

1989 0. riparia

"

"

"

"

0. campestris

2

brown with black
mottling and tan
hilum

heart-shaped

lophate

Medicago sativa

3

tan to
rust-brown

kidney-shaped

obscure
papillose

Astragalus cicer

4

yellow-green to tanbrown

heart-shaped

levigate

brown seeds of 0 . campestris had a tan hilum-area with
approximately 1/3 of the seeds exhibiting black mottling .
M. sativa seeds were tan to rust-brown, and A. cicer
seed color ranged from yellow-green to tan-brown. 0.
riparia seeds were semiquadrangular and relatively flat,
0. campestris and A. cicer were generally heart-shaped ,
and M. sativa seeds were kidney-shaped .
Seed coat surface patterns for 0 . riparia and 0 .
campestris have not been reported previously. All 0.
riparia seed lots had rugulate surface patterns (Table 1)
(Figs. 2-5). Minor variations were evident in size and/
or continuity of ridges or furrows over the surface. The
1936 (Fig. 2) and 1986 (Fig . 3) seed lots were similar
with weak, discontinuous ridges and furrows . The 1987
seed lot exhibited narrower ridges and wider, continuous
furrows (Fig. 4) while the 1989 seed lot showed prominent ridges and discontinuous furrows (Fig. 5) . The 0.
campestris surface pattern was lophate (Table 1; Fig. 6),
while M. sativa showed an obscure papillose surface pattern with papillae surrounded by an unorganized series
of ridges and furrows in the valleys between papillae
(Table l; Fig. 7). The A. cicer seed coat had shallow
ridges and furrows but was considered levigate (Table 1;
Fig. 8).
Examination of transverse seed sections showed differences in seed coat cell and cell layer thicknesses
among 0. riparia seed lots and other species (Table 2).
The average 0. riparia palisade cell length ranged from
50 to 68 µ,m among seed lots. M. sativa had the short-

rugulate

est palisade cell length at 33 µ,m, and both 0. campestris
and A. cicer were similar to the 1936 and 1987 0.
riparia seed lots . Hourglass cell lengths of 0 . riparia
seed lots varied from 12 to 19 µ,m. M. sativa hourglass
cell lengths were markedly shorter than 0 . campestris or
A. cicer, which were similar to the 1986 and 1989 0 .
riparia seed lots. Parenchyma and endosperm layer
thicknesses were more difficult to determine than the
other seed coat cell layers. The parenchyma cell layer
is designated as the area immediately interior to the
hourglass cells, and the endosperm layer includes cells
between the parenchyma layer and the cotyledons. 0 .
riparia parenchyma layer cell lengths ranged from 20 to
31 µ,m, and endosperm thicknesses ranged from 11 to 24
µ,m among seed lots. M. sativa and A. cicer were similar to 0. riparia in parenchyma layer thickness, while
0 . campestris was slightly thicker. M. sativa endosperm was less than half the thickness of A. cicer, but
both were similar to 0 . riparia. The 0 . campestris
endosperm was not distinguishable from the parenchyma
layer.
The palisade cells of 0. riparia seed lots (Figs. 912) and 0. campestris (Fig. 13) were very dense and did
not exhibit cracks between cells. M. sativa had small
cracks between cells which did not penetrate through the
palisade layer, but could connect and form a continuous
break in the cell layer (Fig . 14). Wider cracks which
did not extend through the cell layer were present between palisade cells in A. cicer (Fig. 15). These cracks
781
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Figures 2-8. Surface patterns of:
Figure 2 . 1936 0xytropis riparia - rugulate.
Figure 3. 1986 (T-5637) 0 . riparia - rugulate .
Figure 4. 1987 0. riparia - rugulate.
Figure 5. 1989 0. riparia - rugulate.
Figure 6. 0. campestris - lophate .
Figure 7. Medicago sativa - obscure papillose .
Figure 8. Astragalus cicer - levigate .

Bars= 8 µm .
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Figures 9-15. Internal seed structures of 0xytropi s riparia, 0 .
campestris, Medicago sativa, and Astragalus cicer (C = cuticle;
P = palisade cells; H = hourglass cells; R = parenchyma; E =
endosperm; T = cotyledon ; A = crack in palisade cells) . Seed
coat transverse sections of:
Figure 9.

1936 0xytropi s riparia.

Figure 10.

1986 0. riparia.

Figure 11.

1987 0 . riparia.

Figure 12.

1989 0 . riparia

Figure 13.

0. campestris.

Figure 14.

Medicago sativa.

Figure 15.

Astragalus cicer.

Bars= 20 µm.
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Table 2. Endogenous, unimbibed seed coat characteristics of four 0xytropis riparia seed lots, 0. campestris, Medicago
sativa, and Astragalus cicer averaged over ten seeds per seed lot or species.
Seed

Palisade cell
length (µm)

Hourglass cell
length (µm)

Parenchyma
thickness (µm)

Endosperm
thickness
(µm)

1936 0xytropis
riparia
SE ( +/-)

51

13

23

11

6

2

2

6

1986 0. riparia

65

19

29

24

4

3

10

3

50

12

20

20

7

2

9

3

68

18

31

21

7

7

4

4

55

18

35

-

4

6

2

-

33

12

24

12

3

3

6

7

52

21

30

28

4

5

6

8

SE(+/-)
1987 0. riparia
SE ( +/-)
1989 0. riparia
SE(+/-)

0. campestris
SE(+/-)

Medicago sativa
SE(+/-)

Astragalus cicer
SE(+/-)

reported previously for 0. riparia but has been reported
in other members of the Galegeae tribe, Caragana
arborescens Lam . and Galega officinalis L. (Lersten,
1981). The slight variation in the rugulate pattern
among 0 . riparia seed lots may have been caused by
environmental and/or genotypic differences .
The
lophate surface pattern (Fig. 6) has not been previously
reported for 0 . campestris but has been reported for
other Galegeae tribe members, such as Biserrula
Pelicinus
L. [reclassified by Barneby (1964) as
Astragalus Pelicinus (L.) Barneby] and Astragalus asper
Jacq. (Lersten, 1981). Lersten (1981) reported that seed
coat surface patterns of the Galegeae tribe members
were highly variable, including levigate, rugulate, simple-reticulate, multi-reticulate, lophate, and simplefoveolate. M. sativa (Fig. 7) and A. cicer (Fig . 8) surface patterns were similar to those described in the literature. Lersten and Gunn (1982) reported that M. sativa
had an obscure papillose surface pattern near the hilum
which became non-papillose at midseed. We observed

in A. cicer could also interconnect and form a continuous break in the palisade layer. However, these cracks
could be artifacts resulting from sectioning and not be
related to hardseededness.
A method of sectioning
which places less stress on the seed coat is necessary to
identify the natural presence or absence of the cracks
between palisade cells. The hourglass cells were similar
in the four species with cell ends wider than the mid-cell
region. A . cicer and 0. campestris hourglass cells
collapsed more during sectioning than 0 . riparia or M .
sativa. 0 . riparia hourglass cells were more branched
at the cell ends. Overall, the palisade cells, hourglass
cells, and parenchyma, endosperm, and cotyledon tissues
were quite similar. Differences between hard and nonhard seed coat structures were not distinguishable .
Discussion
Seed coat surface patterns varied among the four
species, but were similar for the 0. riparia seed lots
(Figs . 2-5). The rugulate surface pattern has not been
784
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teristics which indicated stability in diverse environments. Further studies of other 0xytropis species are
necessary to establish relationships within the tribe and
subfamily.

that the obscure papillose pattern of M. sativa was more
distinct near the hilum, but also visible at midseed.
Miklas et al. (1987) reported no distinct midseed surface
pattern for A. cicer as was confirmed by this study.
Interspecific surface pattern variation has been reported in Lupinus (Bragg, 1983), Sophora (Bridges and
Bragg, 1983), Vigna (Gopinathan and Babu, 1985), and
Prosopis (Bragg, 1982) and is a means of identifying
and/or separating seeds within a genus. This variation
is also present in the 0xytropis genus with a multi-reticulate surface pattern previously reported for 0. hirta
(Lersten, 1981), and the lophate and rugulate patterns of
0. campestris and 0. riparia, respectively, observed in
our study.
The internal seed coat structures of the 0. riparia
seed lots, 0. campestris, M. sativa, and A. cicer (Figs.
9-15, respectively) were similar to Mucuna pruriens (L.)
DC. var. utilis (Papilionoideae), Vicieae tribe, and
Trifolium spp. seed coat components reported by Comer
(1951), Lersten and Gunn (1982), and Rolston (1978).
Lersten and Gunn (1982) described the parenchyma
layer as an area of crushed cells possibly consisting of
endosperm remnants . Comer (1951) described the area
only as mesophyll, while Rolston (1978) reported the
parenchyma layer to be separate from the endosperm.
Distinguishable parenchyma and endosperm cell layers
were present in 0. riparia, M. sativa, and A. cicer
seeds, confirming Rolston's (1978) findings. However,
no distingui shable endosperm layer was observed in 0.
campestris seeds.
Seed coat cell lengths and cell layer thicknesses
varied among seed lots and species. Differences among
the 0. riparia seed lots may have been caused by environmental, genotypic, and/or seed maturity differences.
The other species were represented by one seed lot per
species, thus interspecific comparisons were not valid.
An association was evident between seed size and cell
length and cell layer thickness in A. cicer. A. cicer
seeds were the largest and had the longest hourglass
cells and thickest endosperm layer.
Other species
showed no such relationship (Tables 1 and 2). 0.
campestris was different than the other species with no
detectable endosperm layer.
However, since 0 .
campestris had the thickest parenchyma layer, the endosperm layer may have been present and unidentifiable.
Structural differences between hardseed and nonhardseed were not distinguished using SEM . Seed coat
structures of the imbibed seeds were difficult to differentiate due to cell distortion.
Brisson and Peterson (1976) cautioned against classifying an entire species by examining seeds from only
one geographic location. The four 0. riparia seed lots
utilized in this study were from three diverse locations.
Each of the 0 . riparia seed lots had similar seed charac-
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Discussion with Reviewers
Reviewer II:
One of the characteristics of the
Papilionoideae is the presence of a hilum and a hilum
groove. Below these is a tracheid bar. Since you
indicated in your methods section that you sectioned the
seeds transversely through the hilum, did you not
observe the tracheid bar in the studied species? Were
the tracheid bars all so similar that they were of no
value in characterizing the observed species?
Authors : Although seeds were sectioned through the
hilum as a standard for seed coat observation, the hilum,
hilar groove, and tracheid bar were not examined in this
study . Preliminary studies in which different portions of
the seed were covered with Vaseline prior to immersion
of the seeds in distilled water indicated that the hilum
area was not a major area of imbibition. Therefore, our
study focused on the seed coat itself and not the hilum
area.
Reviewer II: Is there a relationship between the cuticle
and the seed coat pattern?
Authors: The seed coat pattern is formed by the cuticle
and the tops of the palisade cells. The cuticle forms the
ridges and furrows in the pattern by shrinking and wrinkling during seed maturation.
Reviewer II: How do you account for the "obscure
papillose" surface pattern of Medicago sativa?
Authors : The "obscure papillose" surface pattern of
Medicago sativa is most likely produced by both the
cuticle and the palisade cells . The tops of the palisade
cells push up the cuticle and form the large papillae
(mounds) in the pattern, while the shrinking and wrinkling of the cuticle during seed maturation form the
ridges and furrows. Both of these together form the
"obscure papillose" surface pattern.
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